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(54) Charged particle beam system with optical microscope 



(57) A charged particle beam system such as a fo- 
cused ion beam system includes a vacuum chamber; 
an optical microscope located so as to have a filed of 
view within a first region of the chamber; a laser aligned 
with the optical microscope so as to project a laser beam 
into the first region; a charged particle beam column lo- 
cated within the chamber and arranged so as to focus 
a charged particle beam into a second region of the 
chamber; and specimen support means located in the 



chamber and moveable between a first position in the 
first region and a second position in the second region. 
The laser is used to mark a DUT with a registration mark 
which is visible in the images from the optical micro- 
scope and the charged particle beam. The position of 
the registration mark can be accurately determined in 
the optical image and the position of features which 
would otherwise be invisible in the charged particle 
beam image inferred. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to a charged particle 
beam device such as a focused ion beam (FIB) system 
of a type generally used for milling integrated circuit (IC) 
devices, and in particular to such a system having an 
optical microscope located within the system vacuum 
chamber. 

BACKGROUND OF THE INVENTION 

Charged particle beam systems, e.g. scanning 
electron microscopes (SEMs), electron beam probers 
and focused ion beam (FIB) systems, are used in a va- 
riety of ways to aid in the diagnosis and repair of IC de- 
vices. For example, FIB systems are used to mill away 
material overlying a conductor so as to expose the con- 
ductor for modification such as severing or connection 
with other conductors, or repair. When a conductor of 
interest -is hidden by overlying layers, it is necessary to 
provide some manner in which it can be located to albw 
accurate positioning for milling. There have been vari- 
ous previous proposals for dealing with this problem. 

Traditionally, structures within IC devices (dies) 
have been accessible by charged particle beam devices 
from the front surface of the device. However, when the 
region of interest lies, below a power plane, the struc- 
tures cannot be seen by any method and even when the 
power plane is removed, there are no topological fea- 
tures which can be seen in a FIB or e-beam image. 
While it is possible to see through the substrate, silicon 
being transparent at infra red wavelengths, or when the 
power plane is removed, it is extremely difficult to engi- 
neer a system in which an optical system can have the 
same field of view as a FIB system. It is also difficult and 
expensive to produce a moveable stage to allow visual 
imaging to be used to locate a FIB site on a die at one 
location which is then moved to another for FIB process- 
ing. 

• US Patent No. 4,683,378 describes four different 
approaches for controlling a FIB milling operation in 
which structures of interest are hidden by overlying lay- 
ers. The first approach is to compare scanning ion mi- 
croscope image with CAD data to infer the position of a 
site of interest. The second approach is to position a 
reference die under an optical microscope and use the 
optical image of the reference die to located the corre- 
sponding position in the SIM image. The third approach 
is to .move- the' die between an optical microscope and 
the SIM and compare the images from both to find the 
location of interest. The fourth approach is to move the 
* die between optical, electron beam and scanning ion mi- 
< croscopes to provide images with different objects visi- 
ble or different resolutions. These last three approaches 
requires. the' use of a high accuracy stage to move the 
die between the microscopes for registration of the im- 



ages. Other proposals for using optical images in FIB 
processing generally fall into one or other of these ap- 
proaches.. 

. It has also. been proposed to attempt to overcome 
5 the problem by using a FIB to place a mark on a die, 
. moving the die to an optical microscope and locating the 
mark so as to determine its position in relation to the 
structures in the die, and then moving the die back to 
the FIB and using the mark and the optical information 
10 to navigate during a FIB. milling, ope ration. This ap- 
proach has the problemsithat FIB marking takes a rela- 
tively long time, three steps are required and two move- 
ments of the die are needed to move between the optical 
and FIB locations. 
is It is an object of the present invention to provide a 
system which allows optical techniques to be combined 
with charged particle techniques for processing dies 
without the problems identified above. 

20 SUMMARY OF THE INVENTION 

The present invention provides a charged particle 
beam system, comprising a vacuum chamber; an opti- 
cal microscope having a field of view in a first region of 
25 the chamber; a laser aligned with the optical microscope 
so as to project a laser beam into the first region; a 
charged particle beam column located within the cham- 
ber and arranged so as to focus a charged particle beam 
into a second region of the chamber; and specimen sup- 
port means located in the chamber and moveable be- 
tween a first position in the first region and a second 
position in the second region. . 

The present invention also provides a method of 
processing a specimen in a charged particle ion beam 
system, comprising placing the specimen at a first po- 
sition in a vacuum chamber; obtaining an optical image 
of the specimen at the first position; placing a mark on 
the specimen which is visible in the optical image; mov- 
ing the specimen to a second position. in the chamber, 
scanning a charged particle beam over the specimen, 
detecting particles produced thereby (secondary 
charged particles, scattered primary particles, photons 
etc.) so as to obtain a contrast image which includes the 
mark; and using the optical image and contrast image 
to control operation of a charged particle beam to proc- 
ess the specimen. 

The invention is characterized in that the optical mi- 
croscope, laser and beam column all operate inside the 
vacuum chamber. It is not necessary that the optical mi- 
croscope -or laser, be located within the chamber, al- 
though this may be done if needed, only that the field of 
view of the. microscope and the projection of the laser 
beam be into the vacuum chamber. Thus it is possible 
to use the image from the microscope to control the op- 
eration of the column.' Also the use of a . laser to provide 
a mark on the surface which is visible in both the optical 
and contrast images allows such control with a degree 
of accuracy not previously available and without the 
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need for a very high accuracy stage. 

The charged particle beam device can be a SEM, 
e-beam prober or FIB device, the latter being preferred 
(the term "FIB" will be used throughout this document 
but it will be appreciated that the application of the in- 
vention is not so limited and these other devices can be 
used should circumstances permit). The optica! micro- 
scope, which could comprise a laser scanning ^micro- 
scope if required, preferably has a resolution as high as 
possible, of the order of 0.25 urn with the maximum mag- 
nification possible, typically in the 200X - 4000X range. 
Any suitable device can be used to transmit the image 
to a workstation for use in navigating the FIB device to 
the correct location on the die. While a CCD device is 
preferred, other devices such as vidicon tubes, photo- 
• multipliers etc; might also be used. The laser should typ- 
ically operate in the visible, IR or UV part of the spec- 
trum, for example a green/UV laser. In a particularly pre- 
ferred arrangement, the laser is arranged to project its 
beam along the optical axis of the microscope. 

In use the present invention operates as follows: 

1) A specimen is placed in the vacuum chamber in 
the field of view of the optical microscope. Features 

• of interest in thespecimen will be visible and the 
microscope can be positioned by means of an X-Y- 
2 stage to show these features in the optical image. 

2) The laser which, is aligned with the microscope, 
is then used to make a registration mark on the sur- 
face of the specimen in the region of the features of 
interest and an optical image including the mark is 
stored. The exact location of -the FIB processing 
site, the region in which FIB milling is to take place, 
(the "FIB box") is identified relative to the laser reg- 
istration mark. 

3) The specimen is then moved to the FIB column 
position on a moveable stage, with an accuracy of 
the order of +/- 1 0u.m and the laser mark is located 
in the FIB contrast image by moving the column on 
an X-Y stage. The FIB box is positioned on the die 
using the location of the box relative to the registra- 
tion mark obtained from the optical image 

4) The FIB operation is conducted using the optical 
data until such time as features can be seen in the 
FIB image. * ■ 

When a power plane is present, step 1 ) is preceded 
by positioning a coarse window in the power plane and 
milling the power plane away with a FIB device before 
using the optical microscope to mark or obtain an image. 

BRIEF DESCRIPTION OF THE DRAWINGS' v ^ 

Figure 1 shows a schematic view of a system ac- 
cording to one embodiment of the invention. 

Figure 2 shows a schematic view of a system ac- 
cording to a second embodiment of the invention. 

Figure 3 shows a schematic view of a system ac- 



cording to a third embodiment of the invention. 

Figures 4 (a) - 4 (c) show images obtained during 
performance of the method according to the invention. 

Figure 5 shows a flow chart identifying the major 
5 steps involved in the performance of the methods ac- 
cording to the invention. 

• DESCRIPTION- OF THE PREFERRED EMBODIMENT 

w Referring now to Figure 1 , the system shown there- 
in comprises broadly a vacuum chamber 10 having an 
optical column 20 at a first location, a FIB column 30 at 
a second location, and a shuttle 40 which is moveable 
between the optical column 20 and the FIB column 30. 

'5 A control system 50 is provided to operate the columns 
20, 30 and shuttle 40. The optical column and FIB col- 
umn are mounted for X, Y movement. This can be done 
by way of a single X, Y mounting for both, or individual 
X, Y mountings which are synchronized together 

20 The optical column 20 comprises and optical micro- 
scope 21 mounted on a Z stage 22 and including a turret 
23 holding various magnification objective lenses 24. A 
laser 25 projects a beam 26 into the microscope 21 and 
along its optical axis to the objective lens 24. A CCD 

25 device 27 is placed at the top of the microscope 21 . The 
microscope 21 is of a type available today and comprise 
an optical, visible light microscope with a long working 
distance (-10mm at 200X magnification), vacuum- 
compatible lenses (Mitutoyo) from companies such as 

30 TIC or Zeiss. An appropriate microscope will have an 
objective lens which gives the highest magnification 
possible at resolution of about 0.25 |om and having fields 
of view in the range 500 \m x 500 \xm for low magnifi- 
cation to 50 ujm x 50 um at maximum magnification. An 

35 alternative arrangement (not shown) is to have the mi- 
croscope located outside the chamber and viewing a 
filed of view inside the chamber through a window in the 
chamber wall. This arrangment can have advantages in 
not requiring vacuum compatible lenses and avoiding 

40 contamination of the lens by material ejected during the 
FIB processing. 

The microscope is adapted to allow a laser to 
project a beam along the axis of the microscope. Such 
modifications are available from companies such as 

45 New Wave Research of Sunnyvale, California under the 
designation QuikLaze. Such a system has a green/UV 
laser operating at 532 nm providing 6 ns pulses of 0.6 
mJ energy. The CCD device 27 provides a digital image 
output, typically as a TIFF image. 

50 , The FIB column 30 is of a conventional type used 
for FIB processing of semiconductor.devices. A partic- 
ularly preferred example is a LMIS .gaHiumi ion source 
with a two-lens focusing column giving aprobe diameter 
of 10nm to 1000nm; a beam energy . of ;5keV to .30keV 

55 and a beam current of 2pA > 1 2n A., Suph' a column is 
found intheSchlumberger IDS :P2X,systerri available 
from Schlumberger Technologies,. Inc.of San Jose, Cal- 
ifornia- i:.. ;. .• v ■ -.K-'-y ■■.>•!.- 
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The shuttle 40 includes a typical packaged part 
mount 41 such as is used in FIB or e-beam systems for 
mounting an IC DUT 42. The mount 41 is itself mounted 
on a transfer shuttle 43 which allows the mount 41 to be 
positioned either above the FIB column 30 (position A 
as shown), or above the optical column 20 (position B). 
in view of the benefit offered by the invention, it is not 
necessary for the shuttle to be positionable with an ac- 
curacy of greater than +/- 10um Such shuttles are read- 
ily constructed using conventional techniques. 

The control system 50 comprises a workstation 51 
including a suitable display 52. CAD data for the DUT 
42 are stored in the control system (either in the same 
workstation or in another computer which is accessed 
by the control system) which provides control signals 
(MC, LC, FC, SC) for operation of the microscope 21, 
laser 25, FIB column 30, and shuttle 40. The control sys- 
tem also receives optical image data (OID) from the op- 
tical column 20 and FIB image data (FIBID) from the FIB 
column 30. The images can be displayed on the display 
52 as required for operation of the system. 

Figures 2 and 3 show variations of the system de- 
scribed above with common parts and/or numbers omit- 
ted for clarity: In figure 2, the shuttle 40 is replaced by a 
load module 60 which is provided with connections 61 
between the DUT 62 and a tester 63. This arrangement 
allows the DUT to be exercised while in the vacuum 
chamber 10 for e-beam, FIB or optical probing or any 
other suitable probing technique. The locating apertures 
64A and 64B are provided above the FIB column 30 and 
optical column 20 respectively, the load module 60 be- 
ing positioned in one or other of these and a blanking 
plate 65 being located in the aperture not occupied by 
the module 60. The load module in this case being lo- 
cated in the kinematic mounting found in the Schlum- 
berger P2X system. 

In figure 3, the shuttle 40 is replaced with a wafer 
stage 70 capable of supporting an 8" wafer 71 used for 
the manufacture of IC devices. The wafer stage 70 is 
not only capable of being moved between the A and B 
positions, in the chamber, but also includes. X, Y, Z and 
9 movement to allow the portion of the wafer of interest 
to be brought into the field of view of either column. One 
further adaptation of this approach has a mount 41 lo- 
catable on the wafer stage 70 so as to allow processing 
of either packaged parts or wafers in the same system 
according to requirements. 

A method according to the invention will now be de- 
scribed with reference to the system shown in Figure 1 
and the images of Figures 4 (a) - 4 (c). 

1) The DUT 42 is loaded onto the mount 41 on the 
transf eTfehuttle'40 in the chamber TO. The chamber 
is pumped down to a vacuum ol ~ 5 x 1 0 -6 Tom The 
DUT 42 is positioned above the optical column 20 
> at position B. : - 
' * ■ • 2) The: region --of interest 100 is located in the optical 
image from the microscope 21 as seen at the work- 



station display 52 and the magnification increased 
until the features of interest 110 can be seen in the 
optical image. CAD data and/or images can be used 
to identify these features in the optical image (Fig- 
s ure 4(a)). 

3) The laser 25 is operated to cut registration marks 
120 in the surface of the DUT 42 in the field of view 
of the optical microscope 21. The laser marks are 
typically a + with line widths of the order of 0.2um 

io and can be seen in the optical image. The position 
of the FIB box 130 (the area in which FIB processing 
is to take place) is determined on the image and its 
position relative to the registration. marks noted. Al- 
so, any discrepancy between the CAD data and the 

is image can be resolved at this time. 

4) The optical image including the registration 
marks is stored in the workstation 51. - 

5) The transfer shuttle is operated to move to posi- 
tion A in the field of view of the FIB column 30. . 

. 6) A coarse Fl B image is taken of the surface of the 
■ - ■■ DUT 42 to locate the registration marks and the X, 
Y stage operated to bring these within the high res- 
. olution field of view (Figure 4 (b)). r - 

7) The optical image is overlaid on the FIB image 
(with scaling as necessary) and the laser marks in 
both images are brought into registration. FIB mill- 
ing is commenced at the location of the FIB box de- 
rived from the optical image obtained in step 3) (Fig- 
ure 4 (c)). . < 

Operation of the system shown in Figure 2 is essen- 
tially the same. However, because there is no moveable 
stage. After the optical image is obtained, the chamber 
is brought up to atmospheric pressure and the position 
of the load module changed after which the chamber is 
again pumped down to vacuum. 

; Operation of the system of Figure 3 is essentially 
the same as that for the system of Figure 1 . with appro- 
priate modification for navigation on a wafer rather than 
adie. 

For devices in which the structures to be modified 
lie below a power plane, prior to positioning the device 
below the optical column, the stage is positioned below 
the FIB column which is operated to remove the power 
plane over the general region of interest. This general 
location is identified from CAD data at relatively low res- 
olution. The procedure can then be performed as de- 
scribed above. For devices with a polyimide layer dis- 
posed above the region of interest, the stage is posi- 
tioned below the optical column and the laser used to 
; remove the polyimide material after which the proce- 
dures described above can take place. In such a case, 
the wavelength of the laser is selected according to the 
materials to be milled. Also, chemicals can be applied 
to the device to enhance or retard the laser milling effect 
or deposition of material as required. 

The steps described above can be repeated at more 
than one location on a die and with use of whichever 
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options are required. These options are summarized in 
the flow chart of Figure 5. 

The present invention displays a number of advan- 
tages. The use of local registration marks avoids prob- 
lems with position errors arising from the. mechanical 
stage, thermal drift, injector induced field offsets in the 
FIB image, beam aperture change offsets, package in- 
duced electric fields, mechanical deformation 'of the die 
or wafer and layer to layer misregistration within the die 
relative to the CAD data. Collectively such errors can be 
relatively large at the resolution of FIB imaging and 
processing and, can: often be nonlinear. Compensation 
for these errors would otherwise be very difficult and un- 
:reliable; The present invention's use of registration 
marks which can be seen in. both optical and FIB images 
for which the position can be accurately determined at 
the resolution of interest avoids these problems. 

The use of the two images to direct FIB processing 
requires scaling and calibration to allow local correction 
of CAD data in the region of the specimen. Repeating 
this process with a number of images taken from differ- 
ent locations on the specimen allows global correction 
of the CAD data to correspond to the actual physical 
-configuration of the specimen. 



Claims 

1. A charged particle beam system, comprising: 

(a) a vacuum chamber; 

(b) an optical microscope with a field of view in 
a first region of the chamber; . 

(c) a laser aligned with the optical microscope 
so as to project a laser beam into the first re- 
gion; 

• l -(d) a charged particle beam column located 
within the chamber and arranged so as to focus 
beam into a second region of the chamber; and 
(e) specimen support means located in the 
chamber and moveable between a first position 

■ in the first region and a second position in the 
second region. . ; , . 

2. A system as claimed in claim 1 , further comprising 
* means for obtaining an optical image from the mi- 
croscope and using the optical image to direct op- 
eration of the ion beam; 

3. A system, as claimed Jn claim 2, wherein the laser 
is arranged to mark a. specimen located at the first 
.position so as to provide a mark which is visible in 

"the optical image. ; 

4. ' A system as claimed in claim 1* further comprising 
means for detecting particles ejected from the spec- 
imen on irradiation- with, the charged particle beam 
in the second position and constructing a contrast 



image therefrom. 

5. A system as claimed in claim 4, wherein the laser 
is arranged to mark a specimen located at the first 

5 position so as to provide a mark which is visible in 
the contrast image obtained with the specimen in 
the second position. : 

6. A system as claimed in claim 2, further comprising 
10 means for detecting secondary charged particles 

from the specimen in the second position and con- 
structing a contrast image therefrom, wherein the 
laser is arranged to mark a specimen located at the 
first position so as to provide a mark which is visible 
is in the optical image and in the contrast image, 

7. A system as claimed in claim 6, further comprising 
means for superposing the optical image over the 
.contrast image such that the position of the mark in 

20 each image coincides, and means for controlling 
the ion beam so as to create features only visible in 
the optical image. 

8. A system as claimed in claim 6, wherein the speci- 
25 men support means is moveable between the first 

and second positions with an accuracy of about +/- 
. 10um 

9. A focused ion beam system, comprising: 

30 

(a) . a vacuum chamber; 

(b) means for obtaining an optical image in a 
first region of the chamber; 

(c) an ion beam column arranged so as to focus 
35 . an ion beam into a second region of the cham- 
ber; • 

(d) specimen support means located in the 
chamber and moveable between a first position 
in the first region and a second position in. the 

40 ; . second region; 

(e) means for detecting secondary charged 
particles from the specimen in the second po- 
sition and constructing a contrast image there- 

" • :- from; - : 

45 (f) means for placing a mark on the specimen 

- which is visible in both the optical and contrast 
images; 

(g) means for superposing the optical image on 
the contrast image so as to identify positions of 
50 features of the specimen not visible in the con- 

trast image; and 
- . (h) means for controlling. the ion beam accord- 
ing to the position of features; visjWe only in the 
■ optical image. . , \ * < . ; . > 

10. A system as claimed in claim 9, whereurthe means 
. for superposing the images causes the position of 

the mark in each image to coincide v SQ<as to allow 
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the position of features not visible in the contrast 
image to be determined from the optical image. 

1 1 . A system as claimed in claim 9, wherein the means 
for controlling the ion beam defines a region in the 
contrast image from which material is to be milled 
according to information available from the optical 
image. 

12. A method of processing a specimen in a focused 
ion beam system, comprising: 

(a) placing the specimen at a first position in a 
vacuum chamber; 

(b) obtaining an optical image of the specimen 
at the first position; 

(c) placing a mark on the specimen which is vis- 
. ible in the optical image; 

- (d) moving the specimen to a second position 
in the chamber; 

(e) scanning a charged particle beam over the 
specimen and detecting particles produced 
thereby to obtain a contrast image which in- 
cludes the mark; and 

(f) using the optical image and contrast image 
to control operation of a focused ion beam to 
process the specimen. 

13. A method as claimed in claim 12, wherein the step 
of placing a mark comprises marking the specimen 
with a laser. 

14. A method as claimed in claim 12, wherein the step 
of scanning a charged particle beam over the spec- 
imen comprises scanning the focused ion beam 
over the specimen to obtain the contrast image. 

15. A method as claimed in claim 12, comprising form- 
ing a combined image by superposing the optical, 
image onto the contrast image, and using the com- 
bined image to control processing of the specimen. 

16. A method as claimed in claim 15, further comprising 
scaling the optical image to align with the contrast 
image. 

17. A method as claimed in claim 15, wherein the step 
of superposing the optical image and the contrast 
image is performed so that the positions of the 
marks in the images coincide. 

18. A method as claimed in claim 17, wherein the opti- 
cal image contains features not visible in the con- 
trast image, the position of the features relative to 
the mark being used to control processing of the., 
specimen. 

19. A method as claimed in claim 18, wherein the step 



of processing the specimen comprises defining a 
region in the contrast image according to the posi- 
tion of features visible only in the optical image, and 
using the focused ion beam to remove material from 
5 the specimen in the defined region. 

20. A method as claimed in claim 1 2, further comprising 
. using design data to control processing of the spec- 
imen. . 

70 

21. A method as claimed in claim 20, wherein the opti- 
cal image is used to correct the design data io re- 
flect the actual configuration of the specimen, 

is 22. A method as claimed in claim 21, wherein optical 
images of different parts of the specimen are used 
to correct the design data for the specimen. 

23. A method as claimed in claim 12, wherein further 
20 contrast images are obtained during processing 

which are used to control processing of the speci- 
men with the focused ion beam. 

24. A method as claimed in claim 12, further comprising 
25 using the charged particle beam to probe structures 

in the specimen. 
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(54) Charged particle beam system with optical microscope 



(57) A charged particle beam system such as a fo- 
cused ion beam system includes a vacuum chamber; 
an optical microscope located so as to have a filed of 
view within a first region of the chamber; a laser aligned 
with the optical microscope so as to project a laser beam 
into the first region; a charged particle beam column lo- 
cated within the chamber and arranged so as to focus 
a charged particle beam into a second region of the 
chamber; and specimen support means located in the 



chamber and moveable between a first position in the 
first region and a second position in the second region. 
The laser is used to mark a DUT with a registration mark 
which is visible in the images from the optical micro- 
scope and the charged particle beam. The position of 
the registration mark can be accurately determined in 
the optical image and the position of features which 
would otherwise be invisible in the charged particle 
beam image inferred. 
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